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Description
BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a method of com-
munication suitable for use in, for example, a base sta-
tion and a terminal apparatus in a radio telephone sys-
tem, and a base station and a terminal apparatus to
which the method of communication is applied.

Description of the Related Art:

In a mobile communication such as a radio tele-
phone system or the like, multiple access is provided in
which a plurality of base stations are provided at a pre-
determined interval to form a service area and each of
the base stations is connected to a plurality of mobile
stations (terminal apparatus). In this case, a predeter-
mined transmission band is allocated in advance to
each base station; a plurality of transmission channels
are set in the transmission band; in the case of a request
for communication or the like from each terminal appa-
ratus, any of the transmission channels is allocated to
the terminal apparatus; and the terminal apparatus side
initiates communication by way of the base station using
the allocated transmission channel.

For example, such systems of communication
wherein the transmission channels are set include a fre-
quency division multiple access (FDMA), a time division
multiple access (TDMA), a code division multiple access
(CDMA) and so on.

Referring to each method, the communication sys-
tem of FDMA system is one in which a plurality of trans-
mission channels are provided by dividing the transmis-
sion band prepared by a unit of frequency. The commu-
nication system of TDMA system is one in which a trans-
mission channel is divided by a predetermined time unit
to form a plurality of time slots within a single transmis-
sion channel, each of the time slots being allocated to
the terminal equipments to be linked. Therefore, it is
possible to link the plurality of terminal equipment using
the single transmission channel. The communication
system of CDMA system is one in which a specified
code is allocated to each of the terminal equipments and
a carrier having the same frequency is subjected to
spectrum spread modulation by the code for transmit-
ting it to the base station. The receiving side achieves
synchronization with each code to identify a signal from
a desired terminal apparatus.

In a radio telephone system, even if any os the
above systems is employed and a transmission channel
is set in accordance therewith, a transmission capacity
of data which can be transmitted on one transmission
channel is previously determined and hence the trans-
mission capacity cannot be changed depending upon
the kink of transmission data. In a general radio tele-

10

15

20

25

30

35

40

45

50

55

phone system, the transmission capacity of one trans-
mission channel is set so as to be a capacity which al-
lows transmission of audio data for speech.

Recently, while attempt to transmit various data oth-
er than audio data by using a radio terminal such as a
portable telephone or the like has been made, such a
limitation that data of only a predetermined transmission
capacity can be transmitted on one transmission chan-
nel brings the disadvantage that it takes considerable
time to transmit data of a large capacity. In order to solve
this problem, it may be sufficient to set a large transmis-
sion capacity as the transmission capacity of data which
can be transmitted on one channel. However, as the
transmission capacity of one channel is increased, afre-
quency band width of one transmission channel and so
on must be set wide to that extent, which consequently
reduces the number of transmission channels set in a
transmission band allocated to one base station. More-
over, if the data of a comparatively small capacity such
as the audio data is transmitted, the data amount to be
transmitted on each of transmission channels becomes
smaller as compared with the transmission capacity of
the transmission channel, which disadvantageously
causes an ineffective use of the transmission band.

SUMMARY OF THE INVENTION

In view of such aspects, it is an object of the present
invention to correctly carry out a radio communication
such as a radio telephone system or the like even if a
transmission capacity is changed.

According to a first aspect of the present invention,
a communication resource allocation method in which a
second apparatus allocates a communication resource
based on a request from a first apparatus includes an
allocation request step for transmitting an allocation re-
quest signal by the first apparatus to the second appa-
ratus, and a resource allocation step for detecting, by
the second apparatus, the allocation request signal to
allocate a communication resource. The communica-
tion resource allocation is carried out by using a re-
source of a predetermined amount as a unit.

According to a second aspect of the present inven-
tion, a communication resource allocation method in
which a second apparatus allocates a communication
resource based on a request from a first apparatus in-
cludes an allocation request step for transmitting an al-
location request signal by the first apparatus to the sec-
ond apparatus, an acceptance step for detecting the al-
location request signal by the second apparatus to
transmit a related information to the first apparatus
therefrom, a confirmation step for receiving the related
information by the second apparatus to transmit an ac-
knowledge signal therefrom for confirmation, and an in-
formation transmission step for, after confirmation step,
carrying out a communication by the first and second
apparatus based on a communication resource alloca-
tion made by employing a resource of a predetermined
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amount included in the related information as a unit.

According to a third aspect of the present invention,
a base station for allocating a communication resource
based on a request from a terminal includes a reception
unit for receiving an allocation request signal from the
terminal, a control unit for grasping a condition of a com-
munication resource and for carrying out a communica-
tion resource allocation at a unit of a resource of a pre-
determined amount in response to the allocation re-
quest signal, and a transmission unit for transmitting a
result of the communication resource allocation by the
control unit.

According to a fourth aspect of the present inven-
tion, a terminal apparatus includes a control unit for gen-
erating an allocation request signal, a transmission unit
for transmitting the allocation request signal generated
by the control unit, and a reception unit for receiving a
result of a communication resource allocation carried
out by a base station. The control unit controls commu-
nication based on the received result of the communi-
cation resource allocation and the communication re-
source allocation is carried out by using a resource of a
predetermined amount as a unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an arrangement
of a terminal apparatus according to a first embod-
iment of the present invention;

FIG. 2 is a block diagram showing an arrangement
of a base station according to the first embodiment;
FIG. 3 is a diagram used to explain a frame config-
uration according to the first embodiment by way of
example;

FIGS. 4Ato 4E are diagrams used to explain acom-
munication processing accordingto the first embod-
iment;

FIG. 5 is a diagram used to explain a connection
sequence of a communication according to embod-
iments of the present invention;

FIG. 6 is a diagram used to explain a slot arrange-
ment of a communication system applied to a sec-
ond embodiment of the present invention;

FIGS. 7A to 7G are diagrams used to explain a
transmission timing of the communication system
applied to the second embodiment;

FIGS. 8Ato 8B are diagrams used to explain a band
slot of the communication system applied to the
second embodiment;

FIG. 9 is a block diagram showing an arrangement
of aterminal apparatus according to the second em-
bodiment;

FIG. 10 is a block diagram showing an arrangement
of an encoder of the terminal apparatus according
to the second embodiment;

FIGS. 11A and 11B are diagrams used to explain a
windowing data of the communication system ac-
cording to the second embodiment;
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FIG. 12 is a block diagram showing an arrangement
of a decoder of the terminal apparatus according to
the second embodiment;

FIG. 13is a block diagram showing an arrangement
of a base station according to the second embodi-
ment;

FIG. 14 is a block diagram showing an arrangement
of a modulation processing unit of the base station
according to the second embodiment;

FIG. 15is a block diagram showing an arrangement
of a demodulation processing unit of the base sta-
tion according to the second embodiment;

FIGS. 16A and 16B are diagrams used to explain a
transmission state according to the second embod-
iment; and

FIGS. 17A and 17B are diagrams used to explain
an arrangement of a signal according to a CDMA
system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A first embodiment according to the present inven-
tion will hereinafter be described with reference to FIGS.
1 to 5. In the first embodiment, the present invention is
applied to a radio telephone system to which a TDMA
system is applied. The radio telephone system is a radio
telephone system of a cellular system in which a base
station is located at a predetermined interval and there-
by a communication area is set.

FIG. 1 is a diagrams showing a configuration of a
terminal apparatus used in the radio telephone system.
Referringfirst to the configuration of a reception system,
an antenna 11 is connected to a reception unit 13
through an antenna sharing device 12, and an output
frequency signal from a frequency synthesizer 14 con-
stituted by a PLL circuit or the like is supplied to the re-
ception unit 13. The output frequency signal from the
frequency 14 is mixed with a reception signal supplied
from the antenna 11 to the reception unit 13 to frequency
convert on the reception signal at a predetermined fre-
quency into an intermediate frequency signal. In this
case, the output frequency of the frequency synthesizer
14 is determined based on the control of a control unit
22 which is a system controller for controlling the com-
munication operation of this terminal apparatus.

The reception signal which has been converted into
an intermediate frequency signal is supplied to a de-
modulation unit 15 where it is subjected to a demodula-
tion process based on a specified communication sys-
tem to be converted into a reception data which is a sym-
bol string. The reception data which is a demodulated
symbol string is supplied to a data processing unit 16
which extracts required data and supplies the same to
corresponding signal processing units.

For example, audio data included in the reception
data is supplied to an audio processing unit 17, convert-
ed into an analog audio signal by an audio process in
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the audio processing unit 17, and emitted as sounds
from a speaker 18 connected thereto. Facsimile data in-
cluded in the reception data is supplied to a facsimile
processing unit 24 and is converted by this facsimile
processing unit 24 into data to be supplied to a facsimile
apparatus (not shown). Further, electronic mail data in-
cluded in the reception data is supplied to an electronic
mail processing unit 25 and is converted by this elec-
tronic mail processing unit 25 into data to be supplied to
an electronic mail receiving apparatus (such as a per-
sonal computer apparatus, personal digital assistant or
the like which is not shown). Control data included in the
reception data is supplied to the control unit 22 which
executes the corresponding communication control.
Those reception data types are determined from the
control data or the like included in the reception data.

Referring next to a transmission system of the ter-
minal apparatus, for example, in the case of audio data,
an audio signal picked up by a microphone 19 connect-
ed to the audio processing unit 17 is converted by the
audio processing unit 17 into digital audio data for trans-
mission, and this audio data is supplied to a TDMA
processing unit 16 and is located at a predetermined po-
sition in a symbol string to be transmitted. At the other
positions in the symbol string to be transmitted, a pre-
determined synchronization pattern, a control data sup-
plied from the control unit 22 and the like are located.

The transmission data which is a symbol string out-
put from the TDMA processing unit 16 is supplied to a
modulation unit 20 to perform a modulation process for
transmission, and the modulated signal is supplied to a
transmission unit 21 where it is mixed with a frequency
signal output by the frequency synthesizer 14 to be fre-
quency-converted into a predetermined transmission
frequency. A transmission signal at this transmission
frequency is supplied through the antenna sharing de-
vice 12tothe antenna 11 to be transmitted on a wireless
basis.

A facsimile signal transmitted from a facsimile ap-
paratus (or a computer apparatus to which a modem for
facsimile communication is connected) which is not
shown to the facsimile processing unit 24 is converted
by the facsimile processing unit 24 into facsimile data,
and the facsimile data is supplied to the TDMA process-
ing unit 16 where it is subjected to a transmission proc-
ess similar to that in the case of audio data as described
above. Further, electronic mail data for transmission
supplied from an apparatus for transmitting and receiv-
ing an electronic mail which is not shown to the elec-
tronic mail processing unit 25 is converted by the elec-
tronic mail processing unit 25 into electronic mail data
to be transmitted, and the electronic mail data is sup-
plied to the TDMA processing unit 16 where it is sub-
jected to a transmission process similar to that in the
case of audio data as described above.

Various keys 23 are connected to the control unit
22, and operations such as transmission and reception
and so on are performed with the keys 23. Further, the
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terminal apparatus in the present embodiment has a ca-
pability of performing a communication process on a
plurality of transmission channels simultaneously, and
a transmission channel is set under the control of the
control unit 22. The process of setting a plurality of trans-
mission channels simultaneously will be described later
on.

A configuration of a base station which communi-
cates with the terminal apparatus will now be described
with reference to FIG. 2. Although the base station has
a basic configuration for a communication process
which is similar to that of the terminal apparatus an ar-
rangement, which communicates with a plurality of ter-
minal apparatuses, is different from the terminal appa-
ratus. Specifically, antenna systems 51, 52 of two sys-
tems are connected to a synthesis/separation circuit 53,
and reception signals are separated by the synthesis/
separation circuit 53 at every transmission channel or
the like to separate reception signals from each terminal
apparatus into signals of a plurality of systems for each
of one or a plurality of terminal apparatuses. The recep-
tion signals in the respective separated systems are
supplied to respective different communication units
54a, 54b, ..., 54n (n is an arbitrary number) to be sub-
jected to a reception process and a demodulation proc-
ess. The demodulated reception data is subjected to a
transmission process for transmitting it to an exclusive
line 57 connected to a communication control station
which coordinates base stations, and the processed sig-
nal is transmitted to the exclusive line 57 through a syn-
thesis/separation circuit 56.

Further, a signal transmitted from the exclusive line
57 tothe base station is separated by the synthesis/sep-
aration circuit 56 into signals in a plurality of systems.
The separated signals in respective systems are sup-
plied to respective different communication units 54a,
54b, ..., 54n, and a modulation process and a transmis-
sion process for transmission to the terminal apparatus-
es are performed after a process of receiving from the
exclusive line 57 to supply the signals to either of the
antennas 51, 52 through the synthesis/separation circuit
53 for transmission on a wireless basis.

The processes of transmission and reception at
each of the communication units 54a - 54n of the base
station are performed under control of a control unit 55,
and the addition and discrimination of necessary control
data or the like are also carried out under control of the
control unit 55.

Communication conditions for communication per-
formed between the terminal apparatus and base sta-
tion described above will now be described. In the em-
bodiment, a transmission capacity for communication
between the terminal apparatus and the base station
can be adaptively set. The process of setting the trans-
mission capacity adaptively will be described referring
to a case wherein the TDMA system (time division mul-
tiple access system) is used as the system for commu-
nication between the terminal apparatus and base sta-
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tion. In this case, a transmission frequency of an up-link
circuit from the terminal apparatus to the base station
and a transmission frequency of a down-link circuit from
the base station to the terminal apparatus are set differ-
ent from each other, and thus a communication circuit
between the terminal apparatus and the base station is
set.

In the TDMA system, one transmission band is di-
vided by a predetermined time unit, and thereby a mul-
tiple access permitting simultaneous use of one trans-
mission band by a plurality of terminal apparatus is car-
ried out. Specifically, if one transmission band is divided
intothree, then, as shown in FIG. 3, one frame is defined
by a predetermined time unit and this frame configura-
tion is repeated. It is assumed that three parts into which
one frame is divided are time slots T1, T2 and T3. One
time slot has a time ranging substantially from several
hundred usec. to several msec., and each of the time
slots T1, T2, T3 generally has the same time interval.
However, it may have different time interval in order to
change an information amount which can be transmitted
in each of the time slots. A burst signal during each of
the time slot intervals is intermittently transmitted and
received between the terminal apparatus and the base
station.

In this embodiment, each of the transmission chan-
nel (transmission frequencies) in the transmission band
for the up-link circuit and each of the transmission chan-
nel (transmission frequencies) in the transmission band
for the down-link circuit has the frame configuration of
the same timing shown in FIG. 3. For example, it is as-
sumed that as shown in FIG. 4A, a communication cir-
cuit using the time slot T1 of each frame is set between
a certain terminal apparatus and the base station and
then a bidirectional communication for transmitting a
predetermined information (audio data, facsimile data,
electronic mail data and so on) is carried out. In the fol-
lowing description, a time slot in each frame is used in
both of the up-link circuit and the down-link circuit in the
same state if not specially indicated. This frame config-
uration is that for a so-called information channel used
for transmission of information such as the audio data
or the like. A control channel used for transmission of a
control data used for control of call-out and call-in is set
independently of the information channel. A part of the
information channel is sometimes used as a control
channel.

It is assumed that while the communication circuit
using the time slot T1 is set in this configuration, a re-
quest to increase the transmission capacity of the infor-
mation to be transmitted (i.e., a request to increase a
transmission speed) is issued. At this time, if there is
any free slot in the same transmission frequency, this
free slot is added and allocated to this communication
circuit. This request is made by using the control chan-
nel.

FIG. 5is a diagram showing a connection sequence
in the above case. In FIG. 5, a communication on a
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channel 1 (CH1) is a communication continuously car-
ried out with the time slot T1 used (communication
shown by a solid line in FIG. 5), and a communication
on a channel 2 (CH2) is a newly added communication
using the time slot T2 (communication shown by a bro-
ken line in FIG. 5). It is initially assumed that while the
communication on the channel 1 using the time slot T1
is carried out, increase of the transmission capacity is
demanded to start transmission of new information from
the terminal apparatus. At this time, the terminal appa-
ratus transmits a request signal S101 for requesting
generation of a new information channel to the base sta-
tion by using a predetermined period in the time slot T2
of the up-link circuit which is being used for communi-
cation.

When receiving the request signal S101 for re-
questing generation of the new information channel, the
base station detects a free slot in the same transmission
frequency and transmits a signal indicative of accept-
ance of opening a new channel in the free slot and a
signal S102 indicative of parameters changed in accord-
ance with the acceptance. The signal S102 is transmit-
ted by using a predetermined period in the time slot T1
(channel 1) of the down-link circuit which is being used
for communication. When receiving and confirming the
signal indicative of the acceptance and so on, the ter-
minal apparatus transmits an acknowledge (ACK) sig-
nal S103 by using the time slot T1 of the up-link circuit.

The parameters transmitted from the base station
includes not only data of the number (in this case, the
slot T2) of a slot allocated as a new channel but also
data of a timing at which communication is started in the
slot. At the timing indicated by the data, the base station
starts transmitting a header information signal by using
the newly allocated time slot T2 of the down-link circuit,
and the terminal apparatus starts transmitting a header
information signal by using the newly allocated time slot
T2 of the up-link circuit (these processings are indicated
by reference number S104 in FIG. 5). Accordingly, as
shown in FIG. 4B, while the information such as the au-
dio data or the like is continuously transmitted by using
the slot T1 in each of frames, the transmission of the
header information signal is started by using the time
slot T2. The header information signal is a predeter-
mined signal formed of data having a specific pattern.

When the bidirectional transmission S104 of the
header information signal by using the newly allocated
time slot T2 is started, a reception-side control unit de-
termines whether or not the header information signal
can be correctly received. If it is determined that the
header information signal is received correctly, the re-
ception-side control unit transmits an acknowledge sig-
nal S105 to the transmission side by using a predeter-
mined period in the time slot T1. When both sides re-
ceives and discriminates the acknowledge signals
S105, the transmission of the information by using the
newly allocated time slot T2, and a communication cir-
cuit between the base station and one terminal appara-
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tus is set in a state as shown in FIG. 4C. When informa-
tion is transmitted by using the time slots T1 and T2,
information of the same kind may be transmitted with
being divided into two for the two time slots T1 and T2
or informations of different kinds (e.g., an audio data and
an electronic mail data) may be transmitted by using the
time slots T1 and T2, respectively.

A processing of changing a transmission capacity
to the original transmission capacity (a processing of re-
ducing a transmission capacity when a transmission cir-
cuit using two time slots is initially set) will be described.
When the transmission capacity is reduced in accord-
ance with the request from the terminal apparatus, as
shown in FIG. 5, the terminal apparatus transmits a re-
quest signal S106 used for requesting the base station
to open the time slot T2 to the base station by using the
time slot T2 (channel 2) in the up-link circuit. When the
base station receives the opening request signal S106
and its control unit confirms it, the base station transmits
an acknowledge signal and a signal S107 indicative of
parameters to be changed to the terminal apparatus by
using the time slot T2 of the down-link circuit. Aftertrans-
mitting the signal S107 indicative of the parameters to
be changed, the base station transmits a signal S108
for designating the number of a slot to be freed to the
terminal apparatus as a trailer information signal used
for freeing the circuit by using the time slot T2 of the
down-link circuit. When the terminal apparatus receives
the signal S108 and its control unit confirms it, the ter-
minal apparatus transmits an acknowledge signal (ACK
signal) S109 to the base station by using thee time slot
T2 of the up-link circuit and terminates the communica-
tion using the time slot T2, thereby freeing the commu-
nication circuit using the time slot T2 (channel 2). There-
after, only the communication circuit using the time slot
T1 is still carried out, and hence the communication cir-
cuit is set in a state shown in FIG. 4A.

An initially set slot may be freed with added slots
remaining instead of freeing the added slot as described
above. Fore example, as shown in FIG. 4C, in a state
that the slots T1, t2 are used as the information trans-
mission channels, the transmission of information in the
slot Tq is stopped, and a trailer information signal as a
circuit freeing information is transmitted in the slot T1 as
shown in FIG. 4D. As shown in FIG. 4E, the communi-
cation circuit using the slot T1 is freed, and only the com-
munication circuit using the slot T2 is kept. In this case,
the processings from transmission of the freeing request
signal S106 to transmission of the ACK signal S109 de-
scribed with reference to FIG. 5 are carried out by using
the communication circuit using the slot T1.

If the capacity of information which can be transmit-
ted in the slot T1 and the capacity of information which
can be transmitted in the slot T2 are different from each
other, then the original slot may be freed immediately
after the slot is added. Specifically, it is assumed that
the transmission capacity in the slot T2 is larger than the
transmission capacity in the slot T1 and a request to in-
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crease the transmission capacity is issued in a state the
communication circuit using the slot T1 is set (a state
shown in FIG. 4A). At this time, the header information
and so on are transmitted in the slot T2 as shown in FIG.
4B, and the processing for adding the slot T2 is carried
out. The transmission of the information in the slot T2 is
started, and at the same time the trailer information for
freeing the slot T1 is transmitted as shown in FIG. 4D.
The slot T1 is freed as shown in FIG. 4E. Thereafter, the
information may be transmitted only in the slot T2. THis
arrangement allows the transmission capacity to be in-
creased and decreased by changing the transmission
slot.

When the above TDMA communication is carried
out, a processing called frequency hopping for changing
a transmission frequency at every predetermined inter-
val may be carried out. in this frequency hopping
processing, the base station and the terminal apparatus
carry out a processing for changing a transmission fre-
quency at every one frame period or every several
frames period based on a command from the base sta-
tion in synchronization with each other. This frequency
hopping allows the transmission signal to be substan-
tially uniformly spread in the transmission band pre-
pared for every base station and also can increase the
resistance to radio interference and noises. When the
frequency hopping is applied to a system which permits
the slot number to be increased or decreased as carried
out in this embodiment, if a request to increase the
number of slots from a certain terminal apparatus, then
a transmission frequency of a communication circuit to
other terminal apparatus is set so that a slot continued
from the slot of the channel under use for communica-
tion with the terminal apparatus should become a free
slot, and then the frequency hopping is carried out.
Then, it is possible to easily realize the addition of the
slots without any interfering with other communication
circuits.

While in this embodiment the number of slots of the
up-link and down-link circuits are increased and de-
creased, only the number of slots of either of the circuits
may be increased or decreased. While this embodiment
employs a system in which different transmission fre-
quencies are used for the up-link circuit and the down-
link circuit, it is needless to say that the present invention
can be applied to a system in which the same transmis-
sion frequency is allocated to the slot of the up-link cir-
cuit and the slot of the down-link circuit in a time division
fashion.

A second embodiment will be described with refer-
ence to FIG. 6 to 16.

In this embodiment, the present invention is applied
to a radio telephone system of a cellular system accord-
ing to a multicarrier transmission system. The multicar-
rier transmission system will be described in detail with
reference to FIGS. 6 to 8. A communication system ac-
cording to this embodiment is arranged as a so-called
multicarrier system in which a plurality of subcarriers are
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continuously disposed within a band allocated in ad-
vance, and the plurality of subcarriers within the single
band are utilized on a single transmission path at the
sametime. Further, the plurality of subcarriers within the
single band are collectively divided in the band to be
modulated.

The arrangement thereof will be described below.
FIG. 6 is a diagram showing a slot arrangement of trans-
mission signals of the present embodiment in which a
frequency is set in the ordinate thereof and a time is ex-
pressed on the abscissa thereof. In the present exam-
ple, the frequency-axis and the time-axis are divided in
a lattice fashion to provide an orthogonal base system.
Specifically, the transmission band width of one trans-
mission band (one band slot) is set to 150 KHz and the
one transmission band of the 150 KHz includes therein
24 subcarriers. The twenty-four subcarriers are dis-
posed continuously with an equal interval of 6.25 KHz,
and every carrier is assigned with a subcarrier number
from 0 to 23. However, practically existing subcarriers
are allocated to bands of subcarrier numbers of 1 to 22.
Bands of both end portions of the one band slot, i.e.,
bands of subcarrier numbers of 0 and 23 are assigned
with no subcarrier, i.e., they are made to serve as a
guard band and their electric power is set to zero.

Onetime slot is regulated at an interval of 200 usec.
in terms of the time-axis. A burst signal is modulated
and transmitted together with 22 subcarriers at every
time slot. One frame is defined as an array of 25 time
slots (i.e., 5 msec.). Each of the time slots within one
frame is assigned with a time slot number from 0O to 24.
A hatched area in FIG. 6 represents a section of one
time slot in one band slot. In this case, a time slot as-
signed with a slot number of 24 is a period in which no
data is transmitted.

Multiple access in which a plurality of mobile sta-
tions (terminal apparatus) carry out communication with
a base station at the same period, is carried out by using
the orthogonal base system which derives from dividing
the frequency-axis and time-axis in a lattice fashion.
Connection condition with respective mobile stations is
arranged as shown in FIGS. 7Ato 7G. FIGS. 7At0 7G
are diagrams each showing an operation condition indi-
cating that how six mobile stations are connected to the
base station by using time slots U0, U1, U2, -, U5 with
one band slot (actually utilized band slot is changed ow-
ingto afrequency hopping which will be described later).
A time slot represented by R is a reception slot while a
time slot represented by T is a transmission slot. As
shown in FIG. 7A, a frame timing regulated in the base
station is set to a period including 24 time slots (of the
25 time slots, the last slot, i.e, a slot of number 24 is not
utilized). In this case, the transmission slot is transmitted
using a band different from one of the reception slot.

The mobile station U0 shown in FIG. 7B uses time
slots of time slot numbers, 0, 6, 12, 18 within one frame
as areception slot, while time slots of time slot numbers,
3,9, 15, 21 as a transmission slot. A burst signal is re-
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ceived or transmitted in each time slot. The mobile sta-
tion U1 shown in FIG. 7C uses time slots of time slot
numbers, 1, 7, 13, 19 within one frame as a reception
slot, while time slots of time slot numbers, 4, 10, 16, 22
as a transmission slot. The mobile station U2 shown in
FIG. 7D uses time slots of time slot numbers, 2, 8, 14,
20 within one frame as a reception slot, while time slots
of time slot numbers, 5, 11, 17, 23 as a transmission
slot. The mobile station U3 shown in FIG. 7E uses time
slots of time slot numbers, 3, 9, 15, 21 within one frame
as areception slot, while time slots of time slot numbers,
0, 6, 12, 28 as a transmission slot. The mobile station
U4 shown in FIG. 7F uses time slots of time slot num-
bers, 4, 10, 16, 22 within one frame as a reception slot,
while time slots of time slot numbers, 1,7, 13, 22 as a
transmission slot. Further, the mobile station U5 shown
in FIG. 7G uses time slots of time slot numbers, 5, 11,
16, 22 within one frame as a reception slot, while time
slots of time slot numbers, 2, 8, 14, 20 as a transmission
slot.

Since the arrangement shown in FIG. 7A to 7G is
employed, six time-division multiple access (TDMA) in
which six mobile stations accesses one band slot is car-
ried out. In view of each of the mobile stations, there is
a spare period of two time slots (i.e., 400 psec.) from
completion of reception or transmission of one time slot
period to start of next transmission or reception. Each
of the mobile stations carries out a timing processing
and a processing called a frequency hopping by utilizing
this spare period. Specifically, each of the mobile sta-
tions carries out a timing processing TA for agreeing a
transmission timing with a timing of a signal transmitted
from a base station during after 200 psec. have passed
before each transmission slot T, and carries out the fre-
quency hopping for switching a band slot used for trans-
mission and reception to another band slot after about
200 usec. have passed since completion of each trans-
mission slot T. Since the above timing is one used when
the transmission rate is set high, if the transmission rate
is set low and the number of the band slot to be used is
changed, then it is necessary to set the timing for the
frequency hopping again.

Specifically, a plurality of band slots are allocated
to a single base station. In a case of a cellular system
in which one base station forms one cell, if aband of 1.2
MHz is allocated to one cell, eight band slots can be al-
located to one cell. Similarly, if a band of 2.4 MHz is al-
located to one cell, 16 band slots can be allocated to
one cell; if a band of 4.8 MHz is allocated to one cell, 32
band slots can be allocated to one cell; and if a band of
9.6 MHz is allocated to one cell, 64 band slots can be
allocated to one cell. Then, a frequency switching
processing called the frequency hopping is carried out
so that a plurality of band slots allocated to one cell are
utilized uniformly.

FIGS. 8A and 8B are diagrams showing a system
in which eight band slots are provided in one cell. Spe-
cifically, in each of the prepared eight band slots as
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shown in FIG. 10A, twenty-two carries are set as shown
in FIG. 10B to carry out the data transmission.

The communication condition is settled as above so
that a signal transmitted between each mobile station
and the base station is maintained to have orthogonal
property with respect to other signals. Therefore, the
signal will not suffer from interference from other signals
and only a corresponding signal can be extracted satis-
factorily. Since a band slot utilized for transmission is
changed at any time by the frequency hopping, the
transmission bands prepared for each base station is
effectively utilized, which leads to efficient transmission
and improved resistance to a noise resulting from radio
interference. In this case, as described above, a fre-
quency band to be allocated to one base station (cell)
can be freely settled. Therefore, a system can be freely
settled depending on a used situation.

Next, arrangements of a base station and a terminal
apparatus (mobile station or subscriber) used when
communication is carried out between the base station
and the terminal apparatus in the above-described sys-
tem will be described. In this case, a band of 2.0 GHz is
utilized as a down-link from the base station to the ter-
minal apparatus while a band of 2.2 GHz is utilized as
an up-link from the terminal apparatus to the base sta-
tion.

FIG. 9 is a diagram showing an arrangement of the
terminal apparatus. A reception system thereof will be
described first. An antenna 111 serving for transmitting
and receiving a signal is connected to an antenna shar-
ing device. The antenna sharing device 112 is connect-
ed at its received signal output side with a band-pass
filter 113, a reception amplifier 114 and a mixer 115 in
series. The band-pass filter 13 exiracts a signal of the
2.0 GHz band. The mixer 115 mixes the output from the
band-pass filter with a frequency signal of 1.9 GHz out-
put from a frequency synthesizer 131 so that the re-
ceived signal is converted into an intermediate frequen-
cy signal of a 100 MHz. The frequency synthesizer 131
is formed of a PLL (phase-locked-loop circuit), and it is
a synthesizer for generating signals in aband of 1.9 GHz
with an interval of 150 kHz (i.e., one band slot interval).

The intermediate frequency signal output from the
mixer 115 is supplied through a band-pass filter 16 and
a variable gain amplifier 117 to two mixers 118l, 118Q
useful for demodulation. A frequency signal of 100 MHz
output from a frequency synthesizer 134 is supplied to
a phase shifter 35 in which the signal is made into two
system signals of which phases are shifted from each
other by 90 degrees. One of the two-system frequency
signals is supplied to the mixer 118l while the other of
the same is supplied to the mixer 118Q so that they are
mixed with the intermediate frequency signal respec-
tively, whereby an | component and a Q component con-
tained in the received data are extracted.

Then, the extracted |-component is supplied
through a low-pass filter 119l to an analog-to-digital con-
verter 1201 in which the component is converted into dig-
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ital | data. The extracted Q-component is supplied
through a low-pass filter 119Q to an analog-to-digital
converter 120Q in which the component is converted in-
to digital Q data.

Then, the digital | data and digital Q data output from
the analog-to-digital converters 1201, 120Q are supplied
to a demodulating decoder 121 in which demodulated
reception data is obtained at a terminal 122.

Next, the transmission system of the terminal appa-
ratus will be described. Transmission data obtained at
aterminal 141 is supplied to a modulating encoder 142
in which processing for encoding and modulation is car-
ried out for transmission so as to generate digital | data
and digital Q data for transmission. The digital | data and
the digital Q data output from the modulating encoder
142 are supplied to digital-to-analog converters 143I
and 143Qin which the data are converted into an analog
| signal and an analog Q signal. The converted | signal
and Q signal are supplied through low-pass filters 144l
and 144Qto mixers 1451 and 145Q. Further, a frequency
signal of 300 MHz output from a frequency synthesizer
138 is converted by a phase shifter 1139 into two system
signals of which phases are shifted from each other by
90 degrees. One of the two system frequency signals is
supplied to the mixer 145| while the other of the same
is supplied to the mixer 145Q, whereby the frequency
signals are mixed with the | signal and the Q signal, re-
spectively, so as to form signals falling in a 300 MHz
band. Both of the signals are supplied to an adder 146
in which carried out is an orthogonal modulation to unify
them into a single system signal.

Then, the signal modulated into the signal of 300
MHz band outputfrom the adder 146 is supplied through
a transmission amplifier 147 and a band-pass filter 148
to a mixer 49, in which the signal is added with a fre-
quency signal of 1.9 GHz output from the frequency syn-
thesizer 131 so as to convert the signal into a signal of
a transmission frequency of 2.2 GHz band. The trans-
mission signal frequency-converted into the transmis-
sion frequency is supplied through a transmission am-
plifier (variable gain amplifier) 150 and a band-pass filter
51 to the antenna sharing device 112 so that the signal
is transmitted from the antenna 111 connected to the
antenna sharing device 112 in a wireless fashion. A gain
of the transmission amplifier 150 is controlled to thereby
adjust a transmission output. The control in transmis-
sion output is carried out based on output control data
received from the base station side, for example.

Next, the encoder in the transmission system of the
terminal apparatus of the arrangement and its peripher-
al arrangement will be described in detail with reference
to FIG. 10. A convolution encoder 161 subjects a trans-
mission data to convolution encoding. The convolution
encoding is carried out with a constrained length of k =
7 and a coding rate of R = 1/3, for example. An output
of the convolution encoder 161 is supplied to a four-
frame interleave buffer 162 in which data interleave is
carried out over four frames (20 msec.). An output of the
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interleave buffer 162 is supplied to a DQPSK encoder
163 in which a DQPSK modulation is carried out. That
is, a DQPSK symbol generating circuit 163a generates
a corresponding symbol based on supplied data, and
then the symbol is supplied to a multiplier 163b at one
input terminal thereof. A delay circuit 163c delays a mul-
tiplied output of the multiplier 112 by one symbol amount
and returns it to the other input terminal thereof, where-
by the DQPSK modulation is carried out. The DQPSK
modulated data is supplied to a multiplier 164 so that
random phase shift data output from a random phase
shift data generating circuit 165 is multiplied with the
modulated data, whereby phase of the data is apparent-
ly changed at random.

An output from the multiplier 164 is supplied to an
inverse fast Fourier transformation (IFFT) circuit 166 in
which a conversion processing to a time axis is carried
out on the data of the frequency axis by calculation of
the inverse fast Fourier transformation, whereby data on
the real time axis of the multicarrier signal of 22 subcar-
riers with an interval of 6.25 kHz is produced.

The multicarrier data transformed into data of the
real time by the inverse fast Fourier transformation is
suppliedto amultiplier 167 in which the data is multiplied
with a time waveform output from a windowing data gen-
erating circuit 168. The time waveform is a waveform
having one waveform length T, or about 200 psec. (that
is, one time slot period) as shown in FIG. 11A, for ex-
ample, on the transmission side. However, the wave-
formis arranged to have its both end portions Ty (about
15 psec.) changing gently in its waveform level. Hence,
the neighboring time waveforms are arranged to overlap
partly on each other as shown at FIG. 11B when the time
waveform is utilized for multiplication.

The arrangement of the encoder will be described
again with reference to FIG. 12. Transmission data add-
ed with the control data by the adder 167 is supplied to
a digital-to-analog converter 143 (which corresponds to
the digital-to-analog converters 143l, 143Q shown in
FIG. 9) in which the transmission data is converted into
an analog signal using a clock of 200 kHz for conversion.

Next, the decoder and the peripheral arrangement
thereof of the reception system of the terminal appara-
tus of the present example will be described in detail
with reference to FIG. 12. Digital data resulting from con-
version by an analog-to-digital converter 120 (corre-
sponding to the analog-to-digital converters 120I, 120Q
in FIG. 9) using a clock of 200 kHz, is supplied through
a burst buffer 171 to a multiplier 172, in which the digital
data is multiplied with a time waveform output from an
inverse windowing data generating circuit 173. The time
waveform utilized for multiplication upon reception is a
time waveform with a shape shown in FIG. 11A. This
time waveformis arrangedto have a length, Ty, i.e., 160
usec. which is shorter than the length of the same upon
transmission.

The reception data multiplied with the time wave-
form is supplied to a FFT circuit 134 in which conversion
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between a frequency axis and a timebase is carried out
by the fast Fourier transformation processing, whereby
the transmitted data modulated into 22 subcarriers with
an interval of 6.25 kHz and arranged on the time base
are separated into information component which each
carrier has.

The reception data which has been subjected to the
fast Fourier transformation in the FFT circuit 174 is sup-
plied to a multiplier 175, in which the reception data is
multiplied with inverse random phase shift data (this da-
ta is data changing in synchronism with random phase
shift data on the transmission side) output from an in-
verse random phase shift data generating circuit 176,
whereby the data is restored to have its original phase.

The data restored to have its original phase is sup-
plied to a differential demodulation circuit 177 in which
the data is subjected to differential demodulation. The
differentially demodulated data is supplied to a four-
frame de-interleave buffer 178 in which data interleaved
over four frames upon transmission is restored to have
its original data order. The deinterleaved data is sup-
pliedto a Viterbi decoder 139 in which the data is Viterbi-
decoded. The Viterbi-decoded data is supplied as de-
coded reception data to a reception data processing cir-
cuit (not shown) placed in the later stage.

An arrangement of the base station will subse-
quently be described with reference to FIG. 13. The ar-
rangement of the base station for transmitting and re-
ceiving data is basically the same as that of the terminal
apparatus, but it is different therefrom in that it has an
arrangement for carrying out the multiple access in
which it is simultaneously connected to a plurality of ter-
minal apparatus.

Initially, an arrangement of the reception system
shown in FIG. 13 will be described. An antenna 211
serving for transmission and reception is connected to
an antenna sharing device 212. The antenna sharing
device 212 is connected at its reception signal output
side with a band-pass filter 213, a reception amplifier
214 and a mixer 215 in series. The band-pass filter 213
extracts 2.2 GHz band. The mixer 215 mixes an extract-
ed signal with a frequency signal of 1.9 GHz output from
a frequency synthesizer 231 so that a reception signal
is converted into an intermediate signal of 300 MHz
band.

The intermediate frequency signal output from the
mixer 215 is supplied through a band-pass filter 216 and
a reception amplifier 217 to two mixers 218l, 218Q use-
ful for demodulation. A frequency signal of 300 MHz out-
put from a frequency synthesizer 234 is converted into
signals of two systems of which phases are shifted from
each other by 90 degrees by a phase shifter 235. One
of the two system frequency signals is supplied to the
mixer 218l while the other of the same is supplied to the
mixer 218Q so that they are mixed with the intermediate
frequency signals, respectively. Thus, an |-component
and a Q-component contained in the received data are
extracted.
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The extracted |-component is supplied through a
low-pass filter 2191 to an analog-to-digital converter
220l in which the component is converted into digital |
data. The extracted Q-component is supplied through a
low-pass filter 219Q to an analog-to-digital converter
220Q in which the component is converted into digital
Q data.

Then, the digital | data and the digital Q data output
from the analog-to-digital converters 220I, 220Q are
supplied to a demodulating unit 221 from which demod-
ulated data is supplied to a demultiplexer 222, in which
the data supplied thereto is classified into data from re-
spective terminal apparatus and the classified data are
supplied separately to decoders 223a, 223b, ---, 223n of
which number corresponds to a number of terminal ap-
paratus permitted to access at a time (six terminals per
one band slot).

Next, an arrangement of a transmission system of
the base station will be described. A multiplexer 242
synthesizes transmission data which are separately en-
coded by encoders 241a, 241b, ---, 241n prepared for
respective opponents (terminal apparatus) capable of
communicating at a time. An output of the multiplexer
242 is supplied to a modulation unit 243 in which mod-
ulation processing for transmission is carried out,
whereby digital | data and digital Q data for transmission
are generated.

The digital | data and the digital Q data output from
the modulation unit 243 are supplied to digital-to-analog
converters 2441 and 244Q in which the digital data are
convertedintoan analog | signal and an analog Q signal.
The converted | signal and Q signal are supplied through
low-pass filters 245 and 245Q to mixers 246l and 246Q.
Further, a frequency signal of 100 MHz output from a
frequency synthesizer 238 is converted by a phase shift-
er 239 into two system signals of which phases are shift-
ed from each other by 90 degrees. One of the two sys-
temfrequency signals is supplied to the mixer 246! while
the other of the same is supplied to the mixer 246Q,
whereby the frequency signals are mixed with the | sig-
nal and the Q signal, respectively, so as to form signals
falling in a 300 MHz band. Both of the signals are sup-
plied to an adder 247 in which carried out is an orthog-
onal modulation to unify them into a single system sig-
nal.

Then, the signal modulated into the signal of 100
MHz band output from the adder 247 is supplied through
a transmission amplifier 248 and a band-pass filter 249
to a mixer 250, in which the signal is added with a fre-
quency signal of 1.9 GHz band output from the frequen-
cy synthesizer 231 so as to convert the signal into a sig-
nal of a transmission frequency of 2.0 GHz band. The
transmission signal frequency-converted into the trans-
mission frequency is supplied through a transmission
amplifier 251 and a band-pass filter 252 to the antenna
sharing device 212 so that the signal is transmitted from
the antenna 211 connected to the antenna sharing de-
vice 212 in a wireless fashion.
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Next, an arrangement of the base station for encod-
ing and modulating transmission data will be described
in detail with reference to FIG. 14. In this case, it is sup-
posed that N (N is an arbitrary number) terminal appa-
ratus (users) carry out multiple access at a time. Thus,
convolution encoders 311a, 311b, ---, 311n subjects
transmission signals U0, U1, ---, UN to respective users
of the terminal apparatus to convolution encoding, re-
spectively. The convolution encoding is carried out with
a constraint length k = 7 and a coding rate R = 1/3, for
example.

Then, data convolution-encoded by respective sys-
tems are supplied to four-frame interleave buffers 312a,
312b 312n, respectively, in each of which interleave is
carried out on data over four frames (20 msec.). Outputs
of respective interleave buffers 312a, 312b, ---, 312n are
supplied to DQPSK encoders 320a, 320b, ---, 320n, re-
spectively, in each of which DQPSK modulation is car-
ried out. Specifically, DQPSK symbol generating circuits
321a, 321b, ---, 321n generates corresponding symbols
based on the supplied data. The symbols are supplied
to one input of multipliers 322a, 322b, ---, 322n, and mul-
tiplied outputs of the multipliers 322a, 322b, ---, 322n are
supplied to respective delay circuits 323a, 323b, -,
323n in each of which the symbol is delayed by one sym-
bol amount and fed back to the other input. Thus,
DQPSK modulation is carried out. Then, the data sub-
jected to the DQPSK modulation are supplied to the mul-
tipliers 313a, 313b, ---, 313n, respectively, in which ran-
dom phase shift data separately output from random
phase shift data generating circuit 314a, 314b, ---, 314n
are multiplied with modulation data. Thus, respective
data are changed in phase at random apparently.

Outputs of the respective multipliers 313a, 313b, -,
313n are supplied to a multiplexer 242 and then synthe-
sized thereby. When the transmission data are synthe-
sized by the multiplexer 242 according to this embodi-
ment, a frequency at which the transmission data are
synthesized can be switched by a unit of 150 kHz. By
the switching control, the frequency of the burst signal
supplied to each terminal apparatus is switched. Spe-
cifically, in this embodiment, as described with reference
to FIGS. 7A 1o 7G and so on, an operation of switching
afrequency by a band slot unit which is called a frequen-
¢y hopping is carried out, and the frequency switching
operation is realized by switching processings of the
multiplexer 242 upon the synthesizing operation.

The data synthesized by the multiplexer 242 is sup-
pliedto an IFFT circuit 332 which carries out the inverse
fast Fourier transform for the data, and then obtains a
so-called multi-carrier data modulated so as to have
twenty two subcarriers having frequencies at every 6.25
kHz per one band slot and converted into the real time.
Then, the data converted into the real time signal by the
inverse fast Fourier transform is supplied to a multiplier
333 which multiplies it with a time waveform output from
a windowing data generating circuit 334. As shown in
FIG. 11A, for example, the time wave form is a waveform
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whose length T, of one waveform is about 200 1L second
(i.e., one time slot period). However, at each of its both
end portions Ty thereof (about 15 p second), a level of
the waveform is smoothly changed. When the waveform
is multiplied with the time wave form as shown in FIG.
11B, adjacent time waveforms are partially overlapped
with each other.

Then, the signal multiplied with the time waveform
by the multiplier 333 is supplied through a burst buffer
335 to a digital/analog converter 244 (corresponding to
the converters 2441, 244Q shown in FIG. 13) which con-
verts it into an analog | signal and an analog Q signal.
Then, the analog signals are processed for transmission
in the arrangement shown in FIG. 15.

An arrangement for demodulating received data in
the base station to decode it will be described in detail
with reference to FIG. 15. A digital | data and a digital Q
data converted by an analog/digital converter 220 (cor-
responding to the analog/digital converters 220! and
220Qin FIG. 13) are supplied through a burst buffer 341
to a multiplier 342. The multiplier multiplies them with a
time waveform output from an inverse windowing data
generating circuit 343. The time waveform is a time
waveform having a shape shown in FIGS. 11Aand 13B
and also a time waveform having a length Ty, of 160
pusec which is shorter than that used upon transmission.

The received data multiplied with the time waveform
is supplied to a FFT circuit 344 and subjected to fast
Fourier transform thereby to carry out a processing con-
verting a frequency axis into a time axis. Thus, each of
the data transmitted after modulation in the form of 22
subcarriers at an interval of 6.25 kHz per one band slot
is obtained from the real time signal. Then, the data sub-
jected to the fast Fourier transform is supplied to a de-
multiplexer 222 and divided into data which is as much
as the terminal apparatus permitted in multiple access
to the base station simultaneously. When the data is di-
vided by the demultiplexer 222 according to this embod-
iment, the frequency used for the above division is
switch ed by a unit of 150 kHz and this switching oper-
ation is controlled, thereby frequencies of the burst sig-
nals transmitted from the respective terminal apparatus
being switched. Specifically, in this embodiment, as de-
scribed with reference to FIGS. 7Ato 7G and so on, the
operation of switching the frequency of a band slot unit
which is called the frequency hopping is carried out pe-
riodically, and the frequency switching operation carried
out on the reception side is realized by time-dividing
processings of the demultiplexer 222 upon reception of
the received data.

The respective received data divided by the demul-
tiplexer 222 are independently supplied to multiplexers
351a, 351b, ---, 351n provided so as to be as much as
the terminal apparatus of the number N permitted in si-
multaneous multiple access to the base station. The
multipliers 351a, 351b, ---, 351nrespectively multiply the
divided data with inverse random phase shift data (data
changed in synchronization with the random phase shift
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data on the transmission side) output from the inverse
random phase shift data generating circuits 352a, 352b,
..., 352n and returns the received divided data to the
data having the original phases in the respective sys-
tems.

The respective data from the inverse random phase
shift data generating circuits are supplied to delay de-
tection circuits 353a, 353b, ---, 353n and delay-detected
(differentially demodulated) thereby. The delay detec-
tion circuits supplies the delay detected data to four-
frame interleave buffers 354a, 354b, -.., 354n which re-
stores the data of four frames interleaved upon trans-
mission to the data of the original data arrangement. The
four-frame interleave buffers supply the de-interleaved
data to Viterbi decoders 355a, 355b, --., 355n for sub-
jecting them to Viterbi decoding. The decoders supply
the data subjected to the Viterbi decoding as the re-
ceived data to received-data processing circuits (not
shown) at the succeeding stages.

In the above communication processings, the con-
volutional encoding and the Viterbi decoding are applied
tothe encoding and decoding processings, respectively.
These encoding and decoding processings have been
described by way of example. Therefore, the present in-
vention is not limited to these encoding and decoding
systems. An encoding processing for processing for set-
ting a larger distance between transmission symbol se-
ries may be employed, and a decoding processing for
carrying out a most likelihood series estimation based
on areception symbol may be employed. Specifically, a
known turbo code and so on can also be employed.

A communication state presented when the com-
munication between the terminal apparatus and the
base station described above is carried out will be de-
scribed. IN this embodiment, the transmission capacity
used when the communication is carried out between
the terminal apparatus and the base station can be
adaptively set and a system for transmitting the multi-
carrier signal is applied to the processing for adaptively
setting the transmission capacity.

In this embodiment, as described above with refer-
ence to FIG. 6 and so on, the communication circuit usu-
ally set between the terminal apparatus and the base
station is set by providing twenty-two subcarriers in one
slot at a constant frequency interval, and a communica-
tion circuit of one unit is set by using one band slot,
wherein the audio data and so on are transmitted. FIG.
16A shows a state of transmitting the twenty-two sub-
carriers by using a band fw of one band slot, in which fc
and fk respectively depict a center frequency and a fre-
quency interval between adjacent subcarriers (an inter-
val of 6.25 kHz).

It is assumed that a request to increase a transmis-
sion capacity of information to be transmitted (i.e., a re-
quest to increase a transmission speed) is issued in a
state that the communication circuit is set. At this time,
if an adjacent band slot is a free slot, then the free band
slot is added and allocated to the communication circuit,
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thereby, as shown in FIG. 16B, forty-four subcarriers be-
ing transmitted by using a band 2fw of two band slots.
The frequency interval fk between adjacent subcarriers
is the same as that presented upon use of one slot. A
center frequency fc presented upon use of two band
slots may be set the same as a frequency presented
upon use of one band slot or may be changed in re-
sponse to a band of two band slots.

When the band of two slots is used as described
above, as shown in FIG. 16B, data transmitted by twen-
ty-two subcarriers in a band fw at the center portion
around the center frequency fc are set as the data of the
channel 1, and data transmitted by twenty-two subcar-
riers in bands fw' and fw" located on the upper and lower
side of the band fw are set as the data of the channel 2.
In the connection sequence processing shown in FIG.
5 (described in the first embodiment), while the data is
transmitted, the processing for adding the channel 2 (the
bands fw' and fw") is carried out.

Specifically, this processing will be described with
reference to FIG. 5 again. Communication on the chan-
nel 1 (CH1) is a continuous communication (communi-
cation shown by a solid line in FIG. 5) using the subcar-
riers in the band fw, the communication on the channel
2 (CH2) is a newly added communication using the
bands fw' and fw". It is assumed that while the commu-
nication on the channel 1 is being carried out, increase
of the transmission capacity is demanded because the
terminal apparatus starts transmitting a new informa-
tion. At this time, the terminal apparatus transmits the
request signal S101 for requesting the base station to
create the new information channel to the base station
by using a predetermined period in the channel 1 of the
up-link circuit which is being used for communication.

When receiving the request signal S101 for re-
questing generation of the new information channel, the
base station detects a free band slot and transmits a
signal indicative of acceptance of opening a new chan-
nel in the free band slot and a signal S102 indicative of
parameters changed in accordance with the accept-
ance. When receiving and confirming the signal indica-
tive of the acceptance and so on, the terminal apparatus
transmits an acknowledge (ACK) signal S103 by using
the time slot T1 of the up-link circuit.

The parameters transmitted from the base station
includes not only data about a band allocated as a new
channel but also data of a timing at which communica-
tion is started in the band. In this case, at the timing in-
dicated by the data, the communication is changed to a
communication using two continuous band slots.

At the timing indicated by the data, the base station
starts transmitting a header information signal by using
the newly allocated bands fw' and fw" of the down-link
circuit, and the terminal apparatus starts transmitting a
header information signal by using the newly allocated
bands fw' and fw" of the up-link circuit (these process-
ings are indicated by reference number S104 in FIG. 5).
The information such as the audio data or the like is con-
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tinuously transmitted by using the band fw in each of
frames. The header information signal is a predeter-
mined signal formed of data having a specific pattern.

When the bidirectional transmission S104 of the
header information signal by using the newly allocated
bands fw' and fw" is started, a reception-side control unit
determines whether or not the header information signal
can be correctly received. If it is determined that the
header information signal is received correctly, the re-
ception-side control unit transmits an acknowledge sig-
nal S105 to the transmission side by using a predeter-
mined period. When both sides receives and discrimi-
nates the acknowledge signals S105, the transmission
of the information by using the newly allocated channel
2, and a communication circuit between the base station
and one terminal apparatus is set. When information is
transmitted by using the channels T1 and T2, informa-
tion of the same kind may be transmitted with being di-
vided into two for the two time slots T1 and T2 or infor-
mations of different kinds (e.g., an audio data and an
electronic mail data) may be transmitted by using the
two channels 1 and 2, respectively.

A processing of changing a transmission capacity
to the original transmission capacity (a processing of re-
ducing a transmission capacity when a transmission cir-
cuit using two channels is initially set) will be described.
When the transmission capacity is reduced in accord-
ance with the request from the terminal apparatus, as
shown in FIG. 5, the terminal apparatus transmits a re-
quest signal S106 used for requesting the base station
to open the channel 2 to the base station by using the
channel 2 in the up-link circuit. When the base station
receives the opening request signal S106 and its control
unit confirms it, the base station transmits an acknowl-
edge signal and a signal S107 indicative of parameters
to be changed to the terminal apparatus by using the
time slot T2 of the down-link circuit. After transmitting
the signal S107 indicative of the parameters to be
changed, the base station transmits a signal S108 for
designating the number of a slot to be freed to the ter-
minal apparatus as a trailer information signal used for
freeing the circuit by using the channel 2 of the down-
link circuit. When the terminal apparatus receives the
signal S108 and its control unit confirms it, the terminal
apparatus transmits an acknowledge signal (ACK sig-
nal) S109 to the base station by using the channel 2 of
the up-link circuit and terminates the communication us-
ing the channel 2, thereby freeing the communication
circuit using the channel 2. Thereafter, only the commu-
nication circuit using the channel 1 is still carried out,
and hence the communication circuit is set in a state
shown in FIG. 16A. Thereafter, when the communica-
tion using only the channel 1 is carried out after the
channel 2 is freed, the center frequency fc may be
changed.

While in this embodiment the numbers of subcarri-
erstransmitted onthe channels 1 and 2 are setthe same
to thereby set the capacities of information which can
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be transmitted on the channels 1 and 2, the capacities
of information which can be transmitted on each of chan-
nels may be changed by changing the number of sub-
carriers on the channels 1 and 2.

While in this embodiment both of the numbers of
the bands of the up-link and down-link circuits are in-
creased or decreased, the number of the band slots of
only either of circuits may be changed.

While in the above embodiment the facsimile video
data and the electronic mail data are transmitted as the
data other than the audio data, the present invention is
not limited thereto and the processings according to the
embodiments can be applied to transmission of data of
other kinds. They can also be applied to the processing
for simultaneously setting a plurality of logical transmis-
sion channels in a communication to which other sys-
tems than the TDMA system and the multicarrier system
are applied. In case of the CDMA system, for example,
if data to be transmitted is dispersed by using a plurality
of diffusion codes and transmitted by setting a plurality
of logical transmission channels at the same time, then
the transmission capacity can be increased. FIGS. 17A
and 17B are diagrams showing a state of the above
processing.

According to the communication method of the
present invention and the base station or the terminal
apparatus to which the communication method is ap-
plied, since, when the request to increase or decrease
the transmission capacity of the data transmitted
through the communication circuit is issued, the number
of time slots in one unit time used in the communication
circuit is increased or decreased, it is possible to set the
communication circuit having a proper transmission ca-
pacity in response to information to be transmitted at
that time. Moreover, it is possible to effectively utilize the
transmission band allocated to the base station.

Inthis case, since the frequency of the transmission
channel set as the communication circuit is changed at
every constant interval, the signal is transmitted with be-
ing spread in the transmission band prepared for each
of the base stations, which leads to more effective use
of the transmission band.

When the number of the time slots in one unit time
is increased, after the number of time slots is increased,
use of the time slot in one unit time used before the in-
crease of the time slots is stopped. Therefore, it is pos-
sible to properly use the time slots by changing the
transmission capacity with respect to the respective
time slots.

When the number of the time slots in one unit time
is increased or decreased, only the number of time slots
in one unit time used by either of the up-link circuit from
the terminal apparatus to the base station and the down-
link circuit from the base station to the terminal appara-
tus is increased or decreased. Therefore, it is possible
to set the proper number of time slots corresponding to
an amount of information to be transmitted in each of
the up-link circuit and the down-link circuit, which leads
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to more effective use of the transmission band.

According to the communication method of the
present invention and the base station or the terminal
apparatus to which the communication method is ap-
plied, since, when the request to increase or decrease
the transmission capacity of the data transmitted
through the communication circuit is issued, the number
of subcarrier signals used in the communication circuit
is increased or decreased, it is possible to set the com-
munication circuit having a proper transmission capacity
in response to information to be transmitted at that time.
Moreover, it is possible to effectively utilize the transmis-
sion band allocated to the base station.

In this case, since the frequency of the transmission
channel set as the communication circuit is changed at
every constant interval, the signal is transmitted with be-
ing spread in the transmission band prepared for each
of the base stations, which leads to more effective use
of the transmission band.

When the number of subcarrier signals is in-
creased, if the number of subcarrier signals to be trans-
mitted is increased, the sampling frequency of the re-
ception signal is set higher in response to the increase,
and the number of conversion points used for converting
received data dispersed in a plurality of subcarrier sig-
nals into a time series data is changed in response to
the increase. Therefore, it is possible to easily cope with
the change of the number of subcarrier signals.

When the sampling frequency and the number of
conversion points are changed, a response signal is re-
turned after reception of the transmitted header infor-
mation signal, and then the increased subcarrier signal
is used as the information transmission period. It is pos-
sible to properly change the processing in response to
the increase of the subcarrier signals.

When the number of subcarrier signals is de-
creased, if the number of subcarrier signals to be trans-
mitted is increased, the sampling frequency of the re-
ception signal is set higher in response to the decrease,
and the number of conversion points used for converting
received data dispersed in a plurality of subcarrier sig-
nals into a time series data is changed in response to
the decrease. Therefore, it is possible to easily cope with
the change of the number of subcarrier signals.

When the sampling frequency and the number of
conversion points are changed, a response signal is re-
turned after reception of the transmitted trailer informa-
tion signal, and then the decreased subcarrier signal is
used as the information transmission period. It is possi-
ble to properly change the processing in response to the
decrease of the subcarrier signals.

When the number of the subcarrier signals is in-
creased or decreased, only the number of subcarrier
signals used by either of the up-link circuit from the ter-
minal apparatus to the base station and the down-link
circuit from the base station to the terminal apparatus is
increased or decreased. Therefore, it is possible to set
the proper number of subcarrier signals corresponding
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to an amount of information to be transmitted in each of
the up-link circuit and the down-link circuit, which leads
to more effective use of the transmission band.

Having described preferred embodiments of the
present invention with reference to the accompanying
drawings, it is to be understood that the present inven-
tion is not limited to the above-mentioned embodiments
and that various changes and modifications can be ef-
fected therein by one skilled in the art without departing
from the spirit or scope of the present invention as de-
fined in the appended claims.

Claims

1. A communication resource allocation method in
which a second apparatus allocates a communica-
tion resource based on a request from a first appa-
ratus, comprising the steps of:

an allocation request step for transmitting an al-
location request signal by said first apparatus
to said second apparatus; and

aresource allocation step for detecting, by said
second apparatus, said allocation request sig-
nal to allocate a communication resource,
wherein said communication resource alloca-
tion is carried out by using a resource of a pre-
determined amount as a unit.

2. A communication resource allocation method ac-
cording to claim 1, wherein said allocation request
signal is a signal for requesting increase of a trans-
mission capacity, and said communication resource
allocation is a processing for allocating another re-
source other than a resource which has already
been used.

3. A communication resource allocation method ac-
cording to claim 1, wherein said allocation request
signal is a signal for requesting decrease of a trans-
mission capacity, and said communication resource
allocation is a processing for reducing resources of
a predetermined amount unit from resources which
have already been used.

4. A communication resource allocation method ac-
cording to claim 1, wherein said communication re-
source forms a communication network using a TD-
MA system and said predetermined amount is the
number of one time slot or larger.

5. A communication resource allocation method ac-
cording to claim 1, wherein said communication re-
source forms a communication network using a
multicarrier system and said predetermined amount
is one group formed of a plurality of subcarriers or
larger.
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6.

10.

11.

12.

A communication resource allocation method ac-
cording to claim 1, wherein said communication re-
source forms a communication network usinga CD-
MA system and said predetermined amount is the
number of one spread code or larger.

A communication resource allocation method ac-
cording to claims 1, 4, 5 and 6, wherein said com-
munication resource allocation includes an opera-
tion for changing a center frequency for allocation
randomly at every predetermined time.

A communication resource allocation method ac-
cording to claim 1, wherein said communication re-
source allocation is a processing for allocating an-
other resource other than a resource which has al-
ready been used to thereafter reduce resources of
a predetermined amount unit.

A communication resource allocation method ac-
cording to claim 1, wherein said communication re-
source allocation is carried out for transmission
from said first apparatus to said second apparatus
and/or transmission from said second apparatus to
said first apparatus.

A communication resource allocation method in
which a second apparatus allocates a communica-
tion resource based on a request from a first appa-
ratus, comprising the steps of:

an allocation request step for transmitting an al-
location request signal by said first apparatus
to said second apparatus;

an acceptance step for detecting said allocation
request signal by said second apparatus to
transmit a related information to said first appa-
ratus therefrom;

a confirmation step for receiving said related in-
formation by said second apparatus to transmit
an acknowledge signal therefrom for confirma-
tion; and

an information transmission step for, after con-
firmation step, carrying out a communication by
said first and second apparatus based on a
communication resource allocation made by
employing a resource of a predetermined
amount included in said related information as
a unit.

A communication resource allocation method ac-
cording to claim 10, wherein said communication
resource forms a communication network using a
TDMA system and said predetermined amount is
the number of one time slot or larger.

A communication resource allocation method ac-
cording to claim 10, wherein said communication
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14.

15.

16.

17.

18.

19.

27

resource forms a communication network using a
multicarrier system and said predetermined amount
is one group formed of a plurality of subcarriers or
larger.

A communication resource allocation method ac-
cording to claim 10, wherein said communication
resource forms a communication network using a
CDMA system and said predetermined amount is
the number of one spread code or larger.

A communication resource allocation method ac-
cording to claims 10, 11, 12 and 13, wherein said
communication resource allocation includes an op-
eration for changing a center frequency for alloca-
tion randomly at every predetermined time.

A base station for allocating a communication re-
source based on a request from a terminal, com-
prising:

a reception unit for receiving an allocation re-
quest signal from said terminal,

a control unit for grasping a condition of a com-
munication resource and for carrying out a
communication resource allocation at a unit of
a resource of a predetermined amount in re-
sponse to said allocation request signal; and
a transmission unit for transmitting a result of
said communication resource allocation by said
control unit.

A base station according to claim 15, wherein said
allocation request signal is a signal for requesting
increase of a transmission capacity, and said com-
munication resource allocation is a processing for
allocating another resource other than a resource
which has already been used.

A base station according to claim 15, wherein said
allocation request signal is a signal for requesting
decrease of a transmission capacity, and said com-
munication resource allocation is a processing for
reducing resources of a predetermined amount unit
from resources which have already been used.

A base station according to claim 15, wherein said
communication resource forms a communication
network using a TDMA system and said predeter-
mined amount is the number of one time slot or larg-
er.

A base station according to claim 15, wherein said
communication resource forms a communication
network using a multicarrier system and said pre-
determined amount is one group formed of a plural-
ity of subcarriers or larger.
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20.

21.

22,

23.

24.

25.

26.

27.

28

A base station according to claim 15, wherein said
communication resource forms a communication
network using a CDMA system and said predeter-
mined amount is the number of one spread code or
larger.

A base station according to claims 15, 18, 19 and
20, wherein said communication resource alloca-
tion includes an operation for changing a center fre-
quency for allocation randomly at every predeter-
mined time.

A base station according to claim 15, wherein said
communication resource allocation is a processing
for allocating another resource other than a re-
source which has already been used to thereafter
reduce resources of a predetermined amount unit.

A base station according to claim 15, wherein said
communication resource allocation is carried out for
transmission from said first apparatus to said sec-
ond apparatus and/or tfransmission from said sec-
ond apparatus to said first apparatus.

A terminal apparatus, comprising:

a control unit for generating an allocation re-
quest signal;

a transmission unit for transmitting said alloca-
tion request signal generated by said control
unit; and

a reception unit for receiving a result of a com-
munication resource allocation carried out by a
base station, wherein said control unit controls
communication based on said received result
of the communication resource allocation and
said communication resource allocation is car-
ried out by using a resource of a predetermined
amount as a unit.

Aterminal apparatus according to claim 24, wherein
said allocation request signal is a signal for request-
ing increase of a transmission capacity, and said
communication resource allocation is a processing
for allocating another resource other than a re-
source which has already been used.

Aterminal apparatus according to claim 24, wherein
said allocation request signal is a signal for request-
ing decrease of a transmission capacity, and said
communication resource allocation is a processing
for reducing resources of a predetermined amount
unit from resources which have already been used.

Aterminal apparatus according to claim 24, wherein
said communication resource forms a communica-
tion network using a TDMA system and said prede-
termined amount is the number of one time slot or



28.

29.

30.
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larger.

Aterminal apparatus according to claim 24, wherein
said communication resource forms a communica-
tion network using a multicarrier system and said
predetermined amount is one group formed of a plu-
rality of subcarriers or larger.

Aterminal apparatus according to claim 24, wherein
said communication resource forms a communica-
tion network using a CDMA system and said prede-
termined amount is the number of one spread code
or larger.

A terminal apparatus according to claims 24, 27, 28
and 29, wherein said communication resource allo-
cation includes an operation for changing a center
frequency for allocation randomly at every prede-
termined time.
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